To provide an evidence-based medical basis for the treatment of osteoarthritis, a meta-analysis was performed to assess the association between asporin (ASPN) gene polymorphism and susceptibility to osteoarthritis (OA). The current study searched the literature from January 1st, 1915 through February 1st, 2017 using the Cochrane Library, PubMed, the Excerpta Medica database (EMBASE) and three main Chinese databases (VIP, CNKI and Wan Fang). Cohort and case-control studies that explored the association between different types of ASPN alleles and OA susceptibility were evaluated. The K/L grading system, clinical and radiological diagnoses were used for OA diagnosis. A random-effects model was used in a pooled analysis to adjust for heterogeneity of the included studies, and the differences between treatment groups were reported as odds ratio (OR), 95% confidence intervals (CIs) and P-values. Begg's funnel plots and Egger's tests were used to assess publication bias in the present meta-analysis. Following document retrieval and screening, a total of 10 studies were deemed eligible, including 4,842 patients and 3,661 healthy subjects. Results of the multivariate meta-regression analysis revealed that the study sample size was a source of heterogeneity between studies. The D17 allele was a risk factor for the development of OA (OR=1.33, 95% CI: 1.02-1.73, P<0.05). The other alleles were not considered as risk factors for development of OA (P>0.05). The results of the meta-analysis verified that ASPN polymorphisms were not significantly relevant to an increased OA risk. However, the mechanisms contributing to the association between ASPN polymorphisms and OA risk still require further study.
Introduction
Osteoarthritis (OA) is a common disease of the skeletal system. As the most frequent form of joint disease, OA can occur in any joint but primarily affects knees, hips, hands and the spine, thus constituting a leading cause of musculoskeletal disability worldwide (1, 2) . Degradation of hyaline articular cartilage and remodeling of the subchondral bone with sclerosis are the main features of OA (3, 4) . At first, patients with OA present with joint stiffness and soreness (5) . The articulation may show some swelling caused by an effusion and synovitis. When the bare bony surfaces grate against each other, locking may also occur, which will cause more serious pain (6) and will result in symptoms that decrease quality of life. A previous epidemiological survey showed that approximately 10% of the world's population aged over 60 years may present with symptomatic OA (7, 8) . Moreover, according to the World Health Organization (WHO), OA has been the fourth major cause of disability for many years, with an incidence rate of 40% in the 55-64 age group (9) . As the global population mages, the incidence of OA increases year after year. In clinical practice, diagnosis of OA is based mainly on radiological examination and clinical assessment, and a key point for OA diagnosis is to identify early stage onset and progression (10) . Additionally, OA is considered to be a polygenic and multifactorial illness (11) (12) (13) . Studies have shown that age, sex, obesity, genetics, ethnicity, behavioral influences, occupation and environmental factors, and particularly genetic factors strongly affect the occurrence and development of OA (14, 15) . Exploring the genetic factor mechanism would prove helpful in the early diagnosis of OA.
The asporin (ASPN) gene has been reported as a predisposing gene for OA in several previous studies and encodes a cartilage extracellular protein belonging to the small leucine-rich proteoglycan (SLRP) family (3 proteins can regulate chondrogenesis by binding to cartilage transforming growth factor-β (TGF-β) and inhibiting the expression of the TGF-β1-induced gene in cartilage (16) (17) (18) . In normal cartilage, ASPN is expressed at low levels but in OA articular cartilage, it is abundantly expressed, thus playing a key role in cartilage metabolism (19) . The D14 allele of ASPN has been reported as a gene potentially contributing to knee OA (KOA), and there is a significant difference in the allele frequency of ASPN D13 between female OA patients and controls (20) . A number of studies have examined the association between ASPN polymorphisms and OA, but their results and conclusions have been contradictory. Therefore, there is not yet strong evidence of the association between OA and ASPN. Therefore, it is necessary to conduct additional studies to confirm the relationship between OA and ASPN. In the present study, an updated, more comprehensive and more detailed cumulative meta-analysis was performed based on the newly published original studies evaluating the association between ASPN polymorphism and OA susceptibility, to investigate whether the D-repeat polymorphism is associated with susceptibility to OA and whether it can provide a reference for the early diagnosis of OA.
Materials and methods
Search strategy. To perform this meta-analysis, the Cochrane Library, PubMed and Excerpta Medica databases (EMBASE) were used to comprehensively search the relevant literature. The following keywords were used: '(Asporin or ASPN), (Osteoarthritis or OA), and (Asporin and ASPN or Osteoarthritis and OA)'. In addition, the Chinese electronic databases: VIP, CNKI and Wan Fang were used to search the relevant literature. All articles that were selected for analysis focused on ASPN gene polymorphisms and OA susceptibility and had been published from January 1st, 1915 through February 1st, 2017. By using the aforementioned search strategy, two authors independently completed screening the records and then assessed the final results. The study selection flowchart is shown in Fig. 1 .
Inclusion and exclusion criteria. To be included in the meta-analysis, studies had to meet the following criteria: i) They had to be a case-control study (or cohort study); ii) studies had to provide data on the number of studies and ratios, and OA diagnosis had to be performed using a standardized method; and iii) they had to contain a study of genotype and the ASPN allele, the relevant odds ratio (OR) and the 95% confidence interval (CI). Exclusion criteria were: i) Literature review or incomplete data; ii) repeated published documents and overlapping data; and iii) disease and gene research limited to one family. There were no restrictions on the country and language under study.
Data ext raction. Two reviewers (Jing Wang and Rongqiang Zhang) independently reviewed and extracted data from all qualified studies. Data extraction from original studies included first author's name, year of publication, total sample size and age of OA patients and controls, diagnostic criteria, country where the study was performed, ethnicity of the participants, OA sites and genotype frequencies of the two groups. The continent of origin was categorized as follows: Europe or America (=1) and Asia (=2). Total sample sizes of OA patients and controls were categorized as <1,000 (=1) and ≥1,000 (=2). Moreover, OA sites were categorized as KOA (=1) and hand or hip OA (=2). The two investigators carefully checked the data extraction information and reached consensus to ensure accuracy of the extracted data. In the case of disagreement, the two reviewers double-checked the original data together and then discussed them in order to reach an agreement. If they failed to reach an agreement, a third reviewer (Aimin Yang) was invited to the discussion.
Methodological quality assessment. The methodological quality of the included studies was independently assessed by two reviewers (Jing Wang and Rongqiang Zhang), according to our revised Scale for Quality Assessment (Table I ) based on the scales of Thakkinstian et al (21) and Qin et al (22) . The revised scale covered criteria such as representativeness of cases, credibility of controls, ascertainment of OA, genotyping examination, Hardy-Weinberg equilibrium (HWE) and association assessment. Any disagreement related to methodological quality was resolved by consensus. Scores ranged from 0 to 12.
Articles that were assigned a score <8 were considered 'low-quality' studies, whereas papers with a score ≥8 were considered 'high-quality' studies.
Statistical analysis. RevMan software v5.2 (The Cochrane Collaboration, Oxford, UK) was used to perform the metaanalysis. When the selected original studies met the criteria for homogeneity (I 2 <50% or P>0.05), a fixed-effects model was chosen to conduct the meta-analysis. If they met the criteria for heterogeneity (I 2 >50% or P<0.05), a random-effects model was chosen to conduct the meta-analysis. Univariate and multivariate meta-regression analyses were then performed to explore the source of heterogeneity between studies using Stata 13.0 software (Stata Corp, College Station, TX, USA). In meta-regression analyses, LogOR (where OR stands for the relevant OR of cases vs. control) was taken as the dependent variable. The sample size, OA sites and continent of origin were taken as independent variables. If necessary, a subgroup analysis was conducted according to the source of heterogeneity. Publication bias was analyzed with a funnel plot and Begg's test.
Results
Literature search and study selection. A total of 34,084 relevant articles were searched from the Cochrane Library, PubMed, the Excerpta Medica database, VIP, CNKI and Wan Fang. Finally, 10 articles including 11 studies (Kizawa's research included both an independent case-control study and an independent cohort study) were included in our meta-analysis.
Study characteristics. In total, 8,503 participants (4,842 OA patients and 3,661 controls) were eligible for inclusion, involving three different regions, each of which encompassed a distinct human race, and four types of OA pathogenesis research. Cohort studies included 137 patients and 234 controls while case-control studies comprised 4,705 patients and 3,427 controls. A total of 4 articles focused on Asians, 4 on Europeans and 2 on Americans. Among them, 7 studies examined KOA and 4 studies focused on hand or hip OA. Participants included in both case and control groups were all OA patients and healthy controls confirmed by standard diagnostic criteria (K/L grading system 5 , Criteria of American Rheumatology College, clinical and radiologic diagnosis), respectively. Polymorphisms of the ASPN gene were detected using multiplex polymerase chain reaction (PCR) and single nucleotide polymorphism (SNP) analyses, which were performed using the GenomeLab SNPstream Genotyping System (Beckman Coulter, Fullerton, CA, USA). The characteristics of all included studies are presented in Table II .
Methodological quality. Studies were generally of good quality with a mean score of 9.55 (Table II) , of which eight studies (66.67%) had a score equal to or greater than 8, while the three other studies (33.33%) received a score lower than 8. Two-thirds of the studies included in this meta-analysis were thus classified as of high quality.
Results of overall meta-analysis.
The association between ASPN polymorphisms and susceptibility to OA is shown in Table III . The results of the analyses of heterogeneity showed that there was heterogeneity on D12 in seven studies (P=0.02, I 2 =62%), on D13 (P=0.01, I 2 =55%) and D14 (P=0.0001, I 2 =71%) in eleven studies, and on D15 (P=0.005, I 2 =63%) in nine studies. Therefore, random-effects models were used for the meta-analysis of D12-D15. There was no significant heterogeneity on either D16 (P=0.07, I 2 =47%) or D17 (P=0.37, I 2 =8%) in eight studies, or on D18 (P=0.38, I 2 =6%) in six studies. Consequently, fixed-effects models were used to calculate the pooled ORs of D16, D17 and D18. The pooled OR and its 95% CI for the D17 allele vs. others combined indicated that D17 alleles were a statistically significant risk factor for OA development (OR=1.33, 95% CI: 1.02-1.73). No statistically significant association was found between OA and ASPN D12, D13, D14, D15, D16 or D18 alleles.
Test of heterogeneity.
Because the included studies showed significant heterogeneity for D12, D13, D14 and D15, univariate and multivariate meta-regression analyses were performed to explore the source of this heterogeneity. For the reason that the number of studies focusing on D12 was only 7 and the frequency of D12 alleles reported in the original studies was small, meta-regression analyses were only conducted on D13, D14 and D15. Meta-regression analyses were conducted according to a random-effects model. Univariate analyses were performed separately for the following variables: sample size, continent of origin and OA site. Therefore results showed that there was no statistically significant association between independent variables (sample size, continent of origin and OA site) and the dependent variable (LogOR) for D13, D14, and D15 (Figs. 2-4). However, judging from adjusted R-squared values, the sample size, continent of origin and OA site could all impact the development of OA to a certain degree (Figs. 2-4 ). Multivariate analysis results showed that sample size played a role in the association between D13 and OA risk (P=0.039; Table IV ).
Subgroup analysis. After meta-regression analysis, we conducted a subgroup analysis according to study sample size. Indeed, when sample size was greater than 1,000 the heterogeneity of the D13 gene decreased and became not statistically significant (both Ps=0.08). The results indicated that when the sample size >1,000, D17 alleles increased the risk for the development of OA (OR=1.46, 95% CI: 1.03-2.07, P<0.05; Table V ). There was no significant association between the other ASPN polymorphisms (D12, D13, D14, D15, D16, D18) and OA in the other subgroup analyses (Tables VI and VII) . According to the score of the included studies, we performed a subgroup analysis with score ≥8 and score <8 and the results are presented in Table VIII , which indicated that when study design and quality score >8, D17 alleles increased the risk for OA (OR=1.45, 95% CI: 1.04-2.02, P<0.05).
Sensitivity analysis.
To assess the influence of each individual study on the pooled ORs, a sensitivity analysis of sequential removal of individual studies was performed. Results shown in Fig. 5 suggest that no individual study significantly affected the pooled ORs, indicating that our meta-analysis results were stable and reliable. Another sensitivity analysis performed by excluding HWE-violating studies did not perturb the overall results.
Publication bias. Publication bias was evaluated by performing Begg's funnel plots and Egger's tests. Fig. 6 shows that the shapes of the Funnel plots were basically symmetrical and did not reveal obvious evidence of asymmetry. All P-values from Table II . Baseline characteristics of the 10 articles (including 11 studies) included in the meta-analysis. Egger's and Begg's tests were greater than 0.05. Therefore, our results suggest no evidence of any publication bias in this meta-analysis.
Discussion
In the last few years, a greater number of researchers have paid attention to the link between the ASPN gene and OA. The ASPN gene encodes for a protein that is part of the 95% CI family (23) . This ASPN gene is abundantly expressed in human articular cartilage with OA. In the present meta-analysis, we included ten articles (eleven studies) after reviewing the literature for the association between ASPN D-repeat polymorphisms and OA susceptibility (6) . In the present study, we aimed to provide more convincing evidence regarding the role of ASPN D-repeat polymorphisms in the incidence of OA. According to a widely accepted viewpoint, ASPN is a newly identified extracellular matrix protein that contains an N-terminal unique aspartic acid repeat that ranges in length from 8 to 19 residues. The human ASPN gene has 8 exons. It spans 26 kilobases and is located in chromosome 9q31.1-32, which belongs to the SLRP family. Previous studies have indicated that TGF-β1 plays an important role as a regulator of cellular differentiation, proliferation, apoptosis and migration in bone tissue. ASPN can directly bind to the TGF-β1 receptor and thus inhibit the expression of cartilage matrix Agc1 and Col2a1 genes, which are mediated by TGF-β1 (24) . The interaction between ASPN and TGF-β1 can repress the expression of cartilage matrix genes (25) . Based on the above findings, many researchers believe that ASPN may play an important role in the occurrence of joint disease (26), including OA. Many studies have focused on the association between ASPN polymorphisms and OA, but a consensus has not yet been reached. Mustafa et al (18) found that ASPN polymorphism was not a major influence on OA etiology in Caucasians. However, Kizawa et al (27) conducted a cohort study and a case-control study and reported a significant association between the Japanese population's D-repeat polymorphism and OA. Jiang et al (28) studied 218 patients and 454 age-matched controls from the Han Chinese population, revealing for the first time that the OA susceptibility gene was definitely replicated among different ethnic groups. The frequency of the D14 allele in the Greek population showed no significant difference compared with the other alleles, but the frequency of the D13 allele was significantly lower in KOA patients (29) . In contrast, the frequency of the D13 allele was found to be significantly different between female KOA patients and controls compared with other alleles (30) . In addition, Arellano et al (31) suggested that polymorphisms of the ASPN gene could influence KOA susceptibility, but they indicated that this association also required more extensive research. By investigating the allelic association of the D-repeat polymorphism with OA, Jazayeri et al (3) suggested that the D15 allele could be considered a risk allele only for the female Iranian population. González-Huerta et al (1) reported that the D14 allele of the ASPN polymorphism had a certain impact on the etiology of primary OA of the knee. Therefore, a more objective and accurate conclusion about the link between ASPN polymorphisms and OA risk is required to provide a robust framework for future studies in the field.
of ------------------------------------------------------------------------------------------------------------------------------------------------
From an epidemiological point of view, a case-control study is retrospective and is a causal study allowing exploration of the etiology of diseases. However, a cohort study is more effective than a case-control study for investigation of disease etiology. We conducted an updated comprehensive analysis based on case-control and cohort studies which focused on ASPN polymorphisms and OA risk. The present meta-analysis included 7 studies (58.33%) on KOA, 2 studies (16.67%) on hand OA, and 3 (25.00%) on hip OA. In these 12 studies, 5 (41.67%) were conducted in Asian populations, four (33.33%) in European populations and 2 (16.67%) in American populations. Results of this meta-analysis showed that the D17 allele was a risk factor for OA and may increase the incidence of OA (OR=1.33, 95% CI: 1.02-1.73, P<0.05), particularly in studies with a large sample size (N>1,000). Results also showed that the other types of alleles did not play an important role in the development of OA. We addressed the association between OA susceptibility and ASPN D-repeat polymorphisms in populations originating from different continents, and the results remained the same. We did not find any significant association between ASPN polymorphisms and OA susceptibility in the subgroup analyses performed according to the OA site and the continent of origin.
We performed a comprehensive review of the literature and designed strict inclusion and exclusion criteria to obtain valid results. Compared with previous studies, our research was more detailed and in addition we conducted different subgroup and meta-regression analyses. There were, however, several limitations in this meta-analysis (10-15,32): i) Because there were inevitably mixed factors in the study, our group analysis could not completely encompass them; ii) the results of this meta-analysis may be misinterpreted due to the limited number of research studies, the shortage of uniform inclusion criteria and the existence of heterogeneity; iii) there is a lack of clinical variables in the literature such as classification of OA severity, and these variables are likely to be related to ASPN polymorphisms; iv) in the subgroup analyses, the results may lack efficiency due to the limited number of studies; and 
No. of studies v) since the inclusion of the literature may have been biased, even after using a regression test, the inherent bias may have affected the overall analysis. Moreover, as a complex multifactorial disease, development of OA may have been affected by genetic or genetic-environmental interactions between races. Therefore, further research is needed to elucidate this question. In summary, this meta-analysis study did not show any association between ASPN polymorphisms and OA susceptibility in Asians, Europeans or Americans. Thus, our results do not support the common viewpoint that the ASPN polymorphisms (except for D17) constitute risk factors for OA susceptibility in Asians, Europeans or Americans. We observed that the D17 alleles of ASPN increased the risk for development of OA if the considered sample size is greater than 1,000. Because of large heterogeneity in the studies included in this meta-analysis, we consider that the effects of ASPN polymorphisms on OA development still require further confirmation by larger studies performed in homogeneous populations.
